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reverse-convex set
2 , ([7]).
, Jeyakumar , , Penot
and Volle ,
.
2. NOTATION AND PRELIMINARIES
, $f$ $\mathbb{R}^{n}$ $\overline{\mathbb{R}}=[-\infty, \infty]$ . $f$
, $x_{1},$ $x_{2}\in \mathbb{R}^{n},$ $\alpha\in(0,1)$ ,
$f((1- \alpha)x_{1}+\alpha x_{2})\leq\max\{f(x_{1}),$ $f(x_{2})\}$
. , $f$ , $-f$
, $f$ quasi-affine , $f$ .
, .
Theorem 1 ([5]). $X$ , $W$
. , $f$ : $Xarrow\overline{\mathbb{R}}$ , $f=$
$\sup_{i\in}i^{k_{i}}(\langle w_{i}, \cdot\rangle)$ $\{w_{i}\}_{i\in I}\subset W$ $\{k_{i}\}_{i\in I}\subset Q=\{h$ : $\mathbb{R}arrow$
$\overline{\mathbb{R}}$ ; } .
$k\in Q,$ $w\in \mathbb{R}^{n}$ , $k(\langle w,$ $\cdot\rangle)$ quasi-affine
, Theorem 1 , quasi-affine
. , ,
affine . [7] ,
.
, Jeyakumar .
Theorem 2 ([3]). $I$ : , $i\in I$ $\iota$ , $g_{i}$ : $\mathbb{R}^{n}arrow \mathbb{R}$ ; ,
$(u,$ $\alpha)\in \mathbb{R}^{n+1},$ $\{x\in \mathbb{R}^{n}|\forall i\in I,$ $g_{i}(x)\leq 0\}$ . ,
:
(i) $\{x\in \mathbb{R}^{n}|\forall i\in I, g_{i}(x)\leq 0\}\subset\{x\in \mathbb{R}^{n}|\langle u, x\rangle\leq\alpha\}$ ,




Theorem 3([7]). $f$ : $\mathbb{R}^{n}arrow\overline{\mathbb{R}}$ ; , ( $f= \sup_{i\in I}k_{i}(\langle w_{i}, \cdot\rangle)$
$\{k_{i}\}\subset Q,$ $\{w_{i}\}\subset \mathbb{R}^{7l}$ ), $u\in \mathbb{R}^{n},$ $\alpha,$ $\beta\in \mathbb{R},$ $\sup\{t|k_{i_{0}}(t)\leq$
$\beta\}\in \mathbb{R}$ $i_{0}\in I$ , $\{x\in \mathbb{R}^{n}|f(x)\leq\beta\}$ .
, .
(i) $\{x\in \mathbb{R}^{n}|f(x)\leq\beta\}\subset\{x\in \mathbb{R}^{n}|\langle u, x\rangle\leq\alpha\}$ ,
(ii) $(u, \alpha)\in$ cl cone co $\{(w_{i}, \delta)\in \mathbb{R}^{n+1}|i\in I, \delta\geq\sup\{t|k_{i}(t)\leq\beta\}\}$ .
Theorem 3 Theorem 2 . , $f$
$I=$ dom$f^{*}$ , $v\in$ dom$f^{*}$ $k_{v}(t)=t-f^{*}(v)$
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$(\forall t\in \mathbb{R})$ , $\sup\{t|k_{v}(t)\leq 0\}=f^{*}(v)$ ,
$\{(v,$ $\delta)|v\in$ dom$f^{*},$ $\delta\geq\sup\{t|k_{v}(t)\leq 0\}\}=$ epi$f^{*}$ .
. Theorem 3 , Jeyakumar
.
, reverse convex set ,
.
Theorem 4([3]). $I$ : , $i\in I$ , $g_{i}:\mathbb{R}^{n}arrow \mathbb{R}$ ; , $h$ :
$\mathbb{R}^{n}arrow \mathbb{R}$ ; , $\{x\in \mathbb{R}^{n}\cdot|\forall i\in I, g_{i}(x)\leq 0\}$ . ,
.
(i) $\{x\in \mathbb{R}^{n}|\forall i\in I, g_{i}(x)\leq 0\}\subset\{x\in \mathbb{R}^{n}|h(x)\geq 0\}$,
(ii) $0\in$ epi$h^{*}+$ cl cone co
$\bigcup_{i\in I}$
epi$g_{i}^{*}$ .
, , reverse convex set ,
.
Theorem 5([7]). $f$ : $\mathbb{R}^{n}arrow\overline{\mathbb{R}}$ ; , ( , $f= \sup_{i\in I}k_{i}(\langle w_{i}, \cdot\rangle)$
$\{k_{i}\}\subset Q,$ $\{w_{i}\}\subset \mathbb{R}^{n}$ ), $h$ : $\mathbb{R}^{n}arrow \mathbb{R}$ , , $\beta\in \mathbb{R}$ ,
$\sup\{t|k_{i_{O}}(t)\leq\beta\}\in \mathbb{R}$ $i0\in I$ , $\{X \in \mathbb{R}^{n}|f(x)\leq\beta\}$
. , .
(i) $\{x\in \mathbb{R}^{n}|f(x)\leq\beta\}\subset\{x\in \mathbb{R}^{n}|h(x)\geq 0\}$ ,
(ii) $0\in$ epi$h^{*}+$ cl cone co $\{(w_{i}, \delta)|i\in I, \delta\geq\sup\{t|k_{i}(t)\leq\beta\}\}$ .
Theorem 3 , Theorem 5 Theorem 2 .
3. EXAMPLES
.
$L=\{k_{(\alpha,\beta_{2}\gamma,p)}|(\alpha,\beta,\gamma,p)\in \mathbb{R}^{4}, \alpha\geq 0,p>0\}$ ,
, $k_{(\alpha,\beta_{2}\gamma,p)}$ $\mathbb{R}$ $\mathbb{R}$ ; $\forall t\in \mathbb{R}$ ,
$k_{(\alpha,\beta)\gamma,p)}(t)=sgn(t-\beta)\alpha|t-\beta|^{p}+\gamma$.
, sgn $(t)= \frac{t}{|t|}(t\neq 0)$ , sgn(O) $=0$ . , $k_{(\alpha,\beta_{l}\gamma,p)}$
, $L\subset Q$ . $L$
, ,
$\mathcal{F}_{L}=\{\sup_{i\in I}k_{i}(\langle w_{i}, \cdot\rangle)|\{k_{i}\}_{i\in I}\subset L, \{w_{i}\}_{i\in I}\subset \mathbb{R}^{n}\}$
. , $\mathcal{F}_{L}$ ,
. , , $\mathcal{F}_{L}$ .
, $f$ ,
$\lim$ $inf\frac{f(x)}{\Vert x\Vert}>0$ . ,
$||x||arrow\infty$
136
, $\mathcal{F}_{L}$ (see [8]). , $L$
, Theorem 3 .
, [8] , ,
. , $f\in \mathcal{F}_{L}$ .
$f= \sup_{i\in I}k_{i}(\langle w_{i}, \cdot\rangle)$
, $I$ , $\{k_{i}=k_{(\alpha_{i},\beta_{i},\gamma_{i},p_{i})}\}\subset L,$ $\{w_{i}\}\subset \mathbb{R}^{n}$ . $\{x\in \mathbb{R}^{n}|$
$f(x)\leq 0\}$ , $\alpha_{i_{0}}>0$ $i_{0}\in I$ .
Theorem 6 ([8]).
(i) $\{x\in \mathbb{R}^{n}|f(x_{1}$
(ii) $(u, \lambda)\in$ cl $col$
Theorem 7 $([$8$])$ . $h:\mathbb{R}^{n}arrow \mathbb{R}$ , $($ i $)$ $($ ii $)$ .
$($ i $)$ $\{x\in \mathbb{R}^{n}|f(x)\leq 0\}\subset\{x\in \mathbb{R}^{n}|h(x)\geq 0\}$ ,
(ii) $0\in$ epi$h^{*}+$ cl cone co $\bigcup_{i\in I,\alpha_{i}>0}\{(w_{i}, \delta)\in \mathbb{R}^{n+1}$
, Theorem 6, Theorem 7 ,
.
Example 1. $f;\mathbb{R}arrow \mathbb{R}$ ,
$f(x)= \max\{k_{i}(\langle w_{i}, x\rangle)|i\in I\}$ , $x\in \mathbb{R}$
. $I=\{1,2,3,4\}$ ,
$k_{i}(t)=k_{(i,0,-3,\frac{1}{2})}(t)=sgn(t)i|t|^{1}z-3$ , $t\in \mathbb{R},$ $i\in I$ ,
$w_{1}=(1,0),$ $w_{2}=(0,2),$ $w_{3}=(-3,0),$ $w_{4}=(0, - \frac{1}{4})$ .
$\{x\in \mathbb{R}^{2}|f(x)\leq 0\}=[-\frac{1}{3},9]\cross[-\frac{9}{4},$ $\frac{9}{8}]$
cone co $\bigcup_{i\in I}\{(w_{i}, \delta)\in \mathbb{R}^{3}$
, Theorem 6(ii)
$\delta\geq\frac{9}{i^{2}}$
. $(u,$ $\lambda)\in \mathbb{R}^{n+1}$ ,
$\{x|f(x)\leq 0\}\subset\{x|\langle u, x\rangle\leq\lambda\}\Leftrightarrow(u, \lambda)\in$ cone co $\bigcup_{i\in I}\{(w_{i}, \delta)\delta\geq\frac{9}{i^{2}}\}$
.
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Example 2. $f:\mathbb{R}arrow \mathbb{R}$ ,
$f(x)= \max\{k_{(1,2,-2,\frac{1}{2})}(x),$ $k_{(1,1,-8,3)}(-x)\}$ , $x\in \mathbb{R}$
$(k_{1}=k_{(1,2,-2,\frac{1}{2})},$ $k_{2}=k_{(1,1,-S,3)},$ $w_{1}=1,$ $w_{2}=-1)$ ,
$\{x\in \mathbb{R}|f(x)\leq 0\}=[-3,6]$
. , $C\in \mathbb{R}$ $h_{c}$ : $\mathbb{R}arrow \mathbb{R}$ $h_{c}(x)=(x-c)^{2}-4$
, Theorem 7 $($ i $)$ , $\{x\in \mathbb{R}|f(x)\leq 0\}\subset\{x\in \mathbb{R}|h_{c}(x)\geq 0\}$
$c\geq 8$ $c\leq-5$ . ,
, $h_{c}^{*}(v)= \frac{1}{4}v^{2}+cv+4$ , Theorem 7 $($ ii $)$ ,
$(0,0)\in\{(v,$ $\delta)$ $\delta\geq\frac{1}{4}v^{2}+cv+4\}+\{(a,$ $b)|b\geq 6a,$ $b\geq-3a\}$
. $b= \frac{1}{4}a^{2}+ca+4$ $\{(a,$ $b)|b\leq 6a,$ $b\leq-3a\}$
,
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